
 

Answers for diseases like schizophrenia may
lie in how the brain maintains balance

January 9 2018, by Darrin S. Joy

  
 

  

Synapses between nerve cells, called neurons, and muscle cells in the fruit fly
Drosophila are giving clues to how neurons maintain communication. Here, a
synapse is immunostained with antibodies that recognize the neuronal membrane
(blue), active zones (green) and neurotransmitter receptors (red). Credit: Dion
Dickman
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Pop psychologists tout "balance" as key to mental health, and they may
be more right than they realize. Neuroscientist Dion Dickman is gaining
insight into how the brain maintains healthy balance on a cellular level,
work that may have implications for neuropsychiatric diseases such as
schizophrenia.

Nerve cells, called neurons, communicate with other cells via synapses,
which are minute gaps between the neuron and the cell receiving the
signal. To bridge the synapse, a neuron will release molecules called
neurotransmitters that cross the gap and land on receptor proteins in the
receiving cell. The receiving cell then reacts based on the type and
amount of neurotransmitter that was sent.

For example, a neuron receiving a dose of the neurotransmitter
glutamate from another neuron may be stimulated to fire off its own
signal. The more neurotransmitter, the stronger the urge to fire.

"When you learn, some synapses are thought to become stronger, and
that's how you encode a memory," said Dickman, assistant professor of
biological sciences at USC Dornsife. But there's an upper limit to how
much signal strength neurons can tolerate.

"Synapses have a range of normal activity. They can be a little bit
weaker or a little bit stronger, and that gives you the flexibility to learn
and remember and change," Dickman said. Transmit too little signal,
however, and the connection is lost. Or, if it gets too strong, the risk of
seizure looms.

The process of keeping a synapse in the normal range is called
homeostatic synaptic plasticity. Dickman likens this process to the way
the body maintains a normal temperature that hovers around 98.6
degrees Fahrenheit.
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"If you get too cold, you shiver; if you get too hot, you sweat," he said.

Similarly, synapses need to maintain their normal range. "There is a little
flexibility," Dickman said, "but when you get too far out of the range,
mechanisms are triggered that bring the synapse back to its normal set
point."

"Invisible" pathology

The causes of schizophrenia and other neuropsychiatric diseases remain
elusive, partly because they are not easily seen. Neurodegenerative
diseases such as Alzheimer's and Parkinson's disease result from the
death of neurons, which become obvious when the brain is imaged. Not
so with neuropsychiatric diseases, says Dickman.

"If you look at the brain of someone with schizophrenia, you would
never be able to see a major physical difference between it and a normal
brain. There's something much more subtle than just mass cell death
giving you these really remarkable changes in cognition."

That subtle, even invisible issue may be the failure to keep a synapse in
the normal range in systems using glutamate as a neurotransmitter.
Previous research has, in fact, linked the process to schizophrenia.

A mental thermostat

In work published in Science in 2009 and another study published with
first author and USC Dornsife graduate student Beril Kiragasi in June
2017 in Cell Reports, Dickman studied synapses in fruit flies and
identified receptors in the presynaptic neuron—the one sending
signals—that contribute to maintaining homeostatic plasticity.
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In a more recent study published in November 2017 in Cell Reports and
also using fruit flies, Dickman and USC Dornsife graduate student and
first author Pragya Goel looked at the receiving cell and found that three
different pathways contribute to the process.

Diving in further, Goel and Dickman discovered that while those three
postsynaptic pathways are triggered by different factors, they all
eventually converge on a single control system that enables the balancing
effect of homeostatic plasticity. This gives the cell flexibility in coping
with different stimuli without being overwhelmed by too many
conflicting signals.

Dickman compares this mechanism to a thermostat in an office. Some
people might feel it's too cold and clamor for heat; others might feel it's
too hot and call for cooler air. Rather than everyone turning the
thermostat up and down at their individual whim, one person can act as a
gatekeeper and find a temperature somewhere in the middle that best
satisfies everyone's needs.

The postsynaptic neuron may be receiving signals affecting all three
pathways, but each eventually funnels down to the single pathway that
affects homeostatic synaptic plasticity.

The discovery of this system may have important implications for future
therapies. Researchers might develop drugs that aim to control one of
the three pathways or just the central pathway in the postsynaptic cell.
Or, more directly, they might try controlling the amount of glutamate
released from the presynaptic cell, said Dickman.

"It's tricky to do it therapeutically, but I think conceptually there are
some possibilities," he said.
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